Abstract The present research was designed to explore indigenous probiotic Lactic acid bacteria from traditional fermented foods and beverages of North-western Himalayas for their probiotic potential. It was achieved through a step-by step approach focused on the technological characterization, evaluation of the probiotic traits and adherence ability. Fifty one LAB isolates from traditional fermented foods and beverages were initially screened for their technological properties and among them twenty isolates were selected. These isolates were further characterized and identified using 16S rRNA gene sequencing as Lactobacillus brevis (7 isolates), Lactobacillus casei (5), Lactobacillus paracasei (2), Lactobacillus buchneri (1), Lactobacillus plantarum (1) and Lactobacillus sp. (3). Identified isolates were evaluated by in vitro methods including survival in gastrointestinal tract, antibiotic susceptibility, antimicrobial activity, cell surface characteristics, exopolysacharride production and haemolytic activity. The results of these experiments were used as input data for Principal Component Analysis; thus, to select the most promising probiotic isolates. Three isolates (L. brevis PLA2, L. paracasei PLA8 and L. brevis PLA16) were found to be most technological relevant and promising probiotic candidates in comparison to commercial probiotic strains. L. brevis PLA2 was selected as best isolate with probiotic potential by in vitro adherence to the human intestinal HT-29 cell line.
Introduction
Human intestinal tract contains total bacterial population of around 10 13 and 10 14 cfu/g. Complex symbiosis between the beneficial and pathogenic microorganisms is necessary to maintain the optimal gut balance to prevent pathogenesis. Increase in the need of balanced intestinal microbiota and health promoting effects of probiotics; have received attention in recent years. Probiotics have been defined as Blive microorganisms which when administered in adequate amounts confer a health benefits on the host ( FAO/WHO, 2001) and usually belong to the genus Lactobacillus or Bifidobacterium. Lactobacilli are a group of Lactic acid bacteria (LAB) and are found in the gastrointestinal tract soon after birth. In healthy humans, lactobacilli are normally present in the oral cavity (10 3 -10 4 cfu/g), the ileum (10 3 -10 7 cfu/g), colon (10 4 -10 8 cfu/g), and are abundant in vagina (10 7 -10 8 cfu/g) as reported by Bernardeau et al. (2008) and Merk et al. (2005) .
LAB from different fermented foods and beverages are highly valued for their probiotic properties. Spontaneously fermented foods may constitute a reservoir for new LAB
Research highlights
• Lactobacillus spp. from fermented foods and beverage of North-western Himalayas has been characterized for its probiotic attributes.
• Principal component analysis (PCA) was used to select the most promising isolate.
• Isolates PLA2, 8 and 16 were the most promising probiotic candidates.
• L. brevis PLA2 and L. paracasei PLA8 showed best in-vitro cell adhesion property with HT-29 cell lines.
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strains with potential probiotic characteristics (Taked et al. 2011) . Traditionally fermented products have been considered as the best carrier for probiotics. A large number of potentially probiotic microorganisms are present in different kinds of food products which are still unknown and uncharacterized (Ramosa et al. 2013, Sonar and Halami, 2014) . In northwest (NW) Himalayas, the people prepare and consume a number of traditional foods and beverages. An attempt has been made for the characterization of LAB with probiotic potentials from the traditional fermented foods and beverages of tribal regions of North-western Himalayas (Himachal Pradesh) . The present study is focused on exploration and characterization of indigenous fermented foods and beverages from north-west Himalayas for the presence of Lactobacilli and study the probiotic potential of selected isolates.
Materials and methods
The research was divided into different steps, as follows: a) Isolation of Lactobacilli from fermented foods and beverages; b) biochemical, technological and genotypic characterization of the Lactobacillus isolates; c) probiotic characterization of the relevant isolates; d) Principal Component Analysis (PCA) to select the promising probiotic isolates; e) in vitro adherence to the human intestinal HT-29 cell line for the selection of most promising isolates.
Lactobacillus isolation and culture conditions
A total number of 51 LAB isolates were isolated from various traditional fermented foods and beverages (Chhang, Phab, Arak, Sudung, Chilra, Pole, Bhaturoo, Seera and Churpe) which were collected from different tribal regions of Himachal Pradesh shown in Table 1 . 10 g/ml of each sample was diluted with 90 ml of a sterile saline solution (0.9 % NaCl) and homogenized for 60 s. The homogenates were serially diluted in saline solution and plated onto MRS (Man Rogosa Sharpe, Hi-Media) medium and incubated at 30°C for 24-48 h. Isolates were presumptively identified as LAB by culturing on MRS agar and examined for colony and cell appearance, catalase activity, motility, Gram and endospore characters. All LAB isolates were grown routinely in MRS broth, and stored in Elliker agar plates at 4°C.
Biochemical characterization
Gas production from glucose was checked for lactobacilli sp. in order to determine homo or hetero-fermentative isolates. Arginine hydrolysis and citrate utilization were analysed. Lactobacilli were inoculated into carbohydrate fermentation medium containing different sugars (sucrose, raffinose, trihalose, xylose, maltose, fructose, galactose, ribose, dextrose, mannitol, starch and lactose) for determination of carbohydrate fermentation pattern. Growth of lactobacilli at different pH values (2.5, 3.5, 8.5 and 9.5), NaCl concentration (2, 4 and 6.5 %) and temperature (15, 37 and 45°C) was measured.
Genotypic identification by 16S rRNA gene sequencing
Twenty lactobacilli isolates were selected for 16S rRNA gene sequence analysis using the universal primers 27F (5′-AGAGTTTGATCCTGGCTCAG-3′) and 1492R (5′-TACGGYTACCTTGTTACGACTT-3′). 16S rRNA gene sequence was analysed with the Bioedit software and the resulted sequence was compared with already sequenced organisms by BLAST (Basic Local Alignment Search Tool) program on the NCBI website http://www.ncbi.nlm.nih.gov to determine the closest known relatives. Sequence was submitted in National Center for Biological Information (NCBI) using BankIt sequence submission tool and accession numbers were obtained. Multiple sequence analysis was done with Clustal Omega. Phylogenetic tree was constructed using MEGA BLAST 6 and similarities among the sequences were compared by the Neighborjoining method.
Resistance to biological barriers in stimulated GI tract
Tolerance to acidic pH, bile salt and lysozyme Acid (pH 2, 3 and 7) and bile (0.5, 1 and 2 %) tolerance at 3 h and 12 h, respectively was assayed by the method of Maragkoudakis et al. (2006) . Survival of isolates in the presence of different concentration of lysozyme (50,100 and 150 μg/ml) for 3 h was determined. Survival of lactobacilli in various biological barriers were calculated in terms of Log cfu/mL in comparison to the probiotic reference strains i.e. Lactobacillus casei Shirota (P1) and Lactobacillus rhamnosus (P2) which were procured from University of Helsinki, Finland.
Antibiotic susceptibility
Bacterial antibiotic resistance was determined on MRS agar by disk diffusion method (Turchi et al. 2013 ). The following antimicrobial agents have been tested: inhibitors of cell wall synthesis-Penicillin G (P; 10 Units), Ampicillin (A; 10 μg), Vancomycin (VA; 30 μg), Carbenicillin (CB; 100 μg), Oxacilin (OX; 5 μg), Cefotaxime (CTX; 30 μg); inhibitor of nucleic acid synthesis-Norfloxacin ( N X ; 1 0 μ g ) ; i n h i b i t o r o f p r o t e i n s y n t h e s i sChloramphenicol (C; 30 μg), Erythromycin (E; 15 μg), Clindamycin (CD; 2 μg), Gentamicin (GEN; 10 μg); inhibitor of folate synthesis-Co-trimoxazole (COT; 25 μg), Co-trimazine (CM; 25 μg). Diameters of inhibition zones (mm) were measured after incubation at 30°C for 24 h.
Antimicrobial activity
Antimicrobial effects of lactobacilli on Gram positive bacteria (Staphylococcus aureus and Bacillus subtilis) and Gram negative bacteria (Yersinia enterocolitica, Pseudomonas aeruginosa, Shigella dysenteriae and Escherichia coli) as test organisms were determined by the bit disk method and well diffusion assay (Schillinger and Lucke, 1989) . Diameter of the inhibition zone was measured in millimetres (mm).
Determination of cell surface characteristics

Autoaggregation assay
Autoaggregation of Lactobacillus isolates were determined as described by Reniero et al. (1992) as the autoaggregation percentage. Autoaggregation percentage at 3 h and 24 h was determined using the following equation:
Coaggregation assay
The coaggregation test was performed as a method described by Handley et al. (1987) . The coaggregation (%) at 3 h and 24 h was calculated according to the equation as given below:
where x and y represent each of the two strains in the control tubes and (x + y) in the mixture at 3 h and 24 h.
Cell surface hydrophobicity
The bacterial adhesion to hydrocarbons (BATH) with different hydrocarbons n-hexadecane, xylene, octane and toluene was performed according to Rosenberg et al. (1980) . Results were reported as a percentage from 3 replicates according to the formula:
Whereas, A0 and A are absorbance before and after mixing with solvents at A600 nm.
Exopolysacharride production
Exopolysacharride production was evaluated according to Mora et al. (2002) .
Haemolytic activity
For haemolytic activity tests, the isolates were subcultured in MRS and then streaked on Columbia agar plates, containing 5 % of sheep blood (Maragkoudakis et al. 2009 ). Isolates that producing green-hued zones around the colonies or did not produce any effect on the blood plates were considered non haemolytic. The lactobacilli isolates showing blood lysis zones around the colonies were classified as haemolytic (β-haemolysis).
Bile salt hydrolase activity
Bile salt deconjugation ability of lactobacilli were determined by the qualitative direct plate assay (Ha et al. 2006) . Overnight grown cultures were spotted on MRS agar plates containing 0.37 g/L CaCl 2 and 0.5 % sodium salt of taurodeoxycholic acid (TDCA). Plates were incubated at 30°C for 72 h. Presence of halos around colonies or a white opaque colony indicated positive bile salt hydrolase activity.
Data processing and statistical analysis
Statistical analysis was carried out with SPSS Inc. software (version 19.0) . One way analysis of variance (ANOVA) was used to study significant difference between means, with significance level at p < 0.01/0.05. 2-sided Tukey's HSD test was used to perform multiple comparisons between means. All data presented are mean values of two determinations and three replicates.
Principal component analysis
Statistical differences among the isolates were pointed out through the Principal Component Analysis (PCA) done by the method given by Perricone et al. (2014) . PCA makes it possible to distinguish between various Lactobacilli isolates and to identify the most potential probiotic isolate (Ghosh and Chattopadhyay, 2011) . The relationship among the isolates was determined by Hierarchical Cluster Analysis (HCA) and PCA using XLSTAT™ software. The cases introduced in the analysis were the 40 identified lactobacilli isolates along with the two standard probiotic strains while the discriminating variables were acid and bile tolerance, hydrophobicity, auto and co-aggregation, antimicrobial and antibiotic assay. Results of the qualitative and quantitative probiotic characterization were converted into three coded values (0, 1 and 2) and used as input data for PCA. PCA was done by using varimax rotation.
In vitro adherence to the human intestinal cell lines
Growth and maintenance of HT-29 cells
The human adenocarcinoma cell line HT-29 (mucus secreting) was cultured by method given by Messaoudi et al. (2012) .
Adhesion capacity to HT-29 cell line
Bacterial adhesion capacity to the HT-29 cell line was investigated for the 3 selected lactobacilli as per the method described by Jacobsen et al. (1999) . The adhesion score was measured by enumerating adhered bacteria per 20 different microscopic fields as described by Duary et al. (2011) .
Results
Isolation and identification
Fifty one presumptive LAB isolates from different fermented foods and beverages from various tribal regions of Himachal Pradesh were screened. Among the 20 putative LAB isolates showed positive catalase activity and 10 were positive for endospore staining. Thus, Gram negative, endospore and catalase positive isolates were discarded and remaining 30 isolates were further characterized. In order to reduce the number of isolates for further examinations, the other biochemical and technological identification of the isolates was done.
Biochemical and genotypic characterization
Seventeen Lactobacillus isolates were homo-fermentative as the end product of fermentation was only lactic acid and rest of the 13 isolates were heterofermentative as they produced gas (carbon dioxide) from glucose fermentation. All isolates grew at 37°C but showed variable growth at 15°C and 45°C as shown in Table 2 . Considerable good growth was observed at 2 % and 4 % NaCl concentration but Lactobacillus isolates grew variably at 6.5 % NaCl concentration.
The low acidic pH (2.5 and 3.5) of medium exerted a strong effect on lactobacilli microflora, as the growth of 10 isolates was completely inhibited at low pH. On the basis of technological characterization 20 Lactobacillus isolates were selected and the carbohydrate fermentation of various sugars (lactose, sucrose, dextrose, mannitol, galactose, raffinose, maltose, starch and arabinose) was observed. All the sugars were variably utilized by 20 Lactobacillus isolates (data not shown).
Twenty most technologically relevant isolates (1, 5, 6, 9, 11, 14, 16, 19, 21, 22, 23, 24, 26, 28, 29, 31, 34, 36, 38 and 40) were finally selected and sequenced for 16S rDNA identification and were analysed for their probiotic traits. These 20 isolates were identified as Lactobacillus brevis (seven isolates), Lactobacillus casei (five isolates), Lactobacillus paracasei (two isolates), Lactobacillus buchneri, Lactobacillus kefiri, Lactobacillus plantarum and Lactobacillus sp. (3 isolates).
Phylogenetic analysis
Phylogenetic tree of the 20 Lactobacillus isolates were constructed based on 16S rDNA sequences (Fig. 1) . The identification of the predominant microflora in the traditional fermented foods with probiotic potential by 16S rDNA revealed that Lactobacillus brevis and Lactobacillus casei were the main fermenting organisms. In addition Lactobacillus buchneri and Lactobacillus paracasei were the other lactic acid bacterial species associated with food fermentations having probiotic characteristics.
Taxonomic identification of Lactobacillus isolates was performed by comparing the resulting sequences of each isolate using online tool BLAST (http://blast.ncbi.nlm.nih.gov/Blast. cgi) database. The isolates were identified based on the highest hit scores (>99 % sequence identity) and the sequences of all lactobacilli were deposited in the National Center for Biotechnology Information (NCBI) nucleotide sequence database. Partial sequences were aligned using multiple sequence alignment software ClustalW2.
Resistance to biological barriers in stimulated GI tract
Tolerance to acidic pH
The results given in Table 3 showed that most isolates were quite tolerant to pH 3.0. However, the critical limit to survive the exposure to acidic conditions was pH 2.0. The incubation in PBS buffer at pH 2 resulted in significant decreases in the survival rate of the selected probiotic isolates. Among all the isolates, L16, L22, L29, L31, L23, L28 and L9 showed the highest viability (Log cfu/ml) to the acidic pH, whereas L1 and L6 were the most acid-sensitive isolates as compared to the commercial probiotic strains L. rhamnosus GG and L. casei Shirota (P1 and P2).
Resistance to bile salt
Most of the isolates retained their viability with negligible reduction in viable counts after exposure to bile (< 1 log cycle) Table 3 . However, no significant difference was observed in the loss of viability of the 6 Lactobacillus isolates (L6, L11, L22, L29, L23 and L36) at 0.5 and 1 % of bile concentration in comparison to the log CFU of control whereas negligible i.e. 0.5-1 log reduction in the viability was observed at 2 % bile concentration. Out of 20 tested isolates, 4 Lactobacillus isolates (L38, L19, L26 and L31) demonstrated approximately 3-4 log reduction in viable cell counts after their exposure to bile salts at 1 and 2 % bile concentrations as compared to the control (without bile salt). Amongst all the isolates, L23 and L22 possessed the highest viability at all the bile concentrations in comparison to the reference probiotic strains (P1 and P2) and thus these were considered to be the most bile tolerant isolates as no significant (p < 0.05) differences in the viability was found.
Lysozyme resistance
Viability (Data not shown) of lactobacilli in the presence of different concentration of lysozyme was checked. No such difference in the survival percentage was observed at 50 and 100 μg/ml of lysozyme concentration as compared to the reference strains P1 and P2 but there was a decline in viability (Log cfu/mL) at 150 μg/ml. Isolates L40 and L26 were found to be most lysozyme sensitive isolates.
Antibiotic susceptibility
Variations in the susceptibility of lactobacilli to different antibiotics were observed. All of the Lactobacillus isolates displayed resistant to vancomycin. Most of the isolates were found to be resistant to Co-trimoxazole and Co-trimazine. Susceptibility against 14 antibiotics was checked and variability in the susceptibility of Lactobacillus with the antibiotics was found as shown in Table 4 .
Antimicrobial activity
The antimicrobial activities of Lactobacillus isolates were screened using bit disk method against all the pathogens (Data not shown). All isolates showed good zone of inhibition in bit disc assay against the various pathogens were further supported by agar well diffusion assay method (Table 5 ). All 20 isolates indicated the antimicrobial activity against E. coli (with an inhibition zone of 8.0-16.5 mm in diameter), P. aeruginosa (8.4-13.7 mm), S. aureus (8.5-18.0 mm), B. subtilis (9.4-24.3 mm), S. dysenteriae (7.2-16.4 mm) and Y. enterocolitica (9.5 mm). However, nine isolates; L3, L4, L17, L18, L20, L32, L33, L37 and L39 did not indicate the inhibitory activity towards S. aureus, B. subtilis and P. aeruginosa. P1 and P2, the reference strains recognized as probiotic, showed inhibitory properties against B. subtilis (11.1 mm), S. dysenteriae (13.0 mm), E. coli (10.5 mm) and S. aureus (13.5 mm), B. subtilis (12.0 mm), S. dysenteriae (9.7 mm) and P. aeruginosa (9.6 mm), respectively. None of the isolates except L28 showed any inhibitory activity against Y. enterocolitica. Values represented as mean ± SD; for each row, different subscripts lowercase letters indicate significantly different at p < 0.05, as measured by 2-sided Tukey's HSD between bile %, 0.5, 1, 2, control and between pH 2, pH 3 and pH 7
P1 and P2 (L. casei Shirota and L. rhamnosus) are probiotic reference strains *Values represented as mean ± SD; for 3 h column, different subscripts lowercase letters indicate significantly different at p < 0.00001; for column 24 h, similar superscript letters are not significantly differ while remaining unsuperscript are significantly differ at p < 0.00001, as measured by 2-sided Tukey's HSD between different isolates
Determination of cell surface characteristics
Autoaggregation and co-aggregation assay
In general, the probiotic strains showed higher autoaggregation abilities than pathogenic strains. All isolates tested showed higher percentages of aggregation after 24 h of incubation in comparison to 0 h and 3 h. A high range of variation was observed in autoaggregation capacity among the tested isolates at 3 h ranging from 7.65 % (for L6) to 40.61 % (L9); while after 24 h, the isolates showed a very high significant variability (p < 0.00001) ranging from L6 (41.39 %) to L9 (72.94 %) as depicted in Table 3 . The probiotic control strains (P1 and P2) showed moderate adhesion capacity ranging from 15.07 to 18.02 for 3 h and comparatively higher at 24 h i.e. 65.02 to 69.02 %, respectively. L9 after 3 h and L21, L16, L22, L31 and L40 after 24 h showed significantly (p < 0.00001) higher autoaggregation than the P1 and P2. The isolates with the best autoaggregation abilities after 24 h of incubation at 30°C, were L9, L21, L22, L31 and L40 (>70.0 %) while the least autoaggregative isolate was L5 and L6 (<10 %) under the same conditions. A broad range of variation in co-aggregation with L. monocytogenes, depending on the isolate and the incubation time was noticed. All tested isolates exhibited some coaggregation properties, 5 isolates (L16, L21, L28, L29 and L31) exhibited highest coaggregative interactions with the L. monocytogenes ranging from 23.43 to 29.55 % at 3 h of incubation and the degree of coaggregation gradually enhanced by time. Twelve isolates (L1, L9, L14, L16, L19, L21, L22, L24, L29, L31, L36 and L40) exhibited highest coaggregation activity i.e. > 60 % at 24 h. L16 was recorded to possess proportionally high percentage of co-aggregation i.e. 72.11 % having high potential capability to adhere to epithelial cells and mucosal surfaces. The probiotic control strains (P1 and P2) showed moderate adhesion capacity ranging from 12.02 to 21.02 for 3 h and it increased to 61.03 to 68.03 %, respectively in 24 h. Most of the Lactobacillus isolates exhibited significantly (p < 0.00001) higher coaggregation over the P1 and P2 (Table 3) .
Bacterial adhesion to hydrocarbons (BATH)
According to the Statistical analysis (p < 0.05), the isolates L9, L21, L31 and L40 showed greater affinity towards the solvents tested in the present study. Some Lactobacillus isolates showed high degree of relative hydrophobicity (>45 %), as judged by bacterial adherence to hydrocarbons, indicating their hydrophobic nature. Among all the Lactobacillus isolates tested, L31 showed maximum affinity towards nhexadecane. With different hydrocarbons, maximum adhesion was with hexadecane (62.33 %), followed by toluene (58.65 %), xylene (48.41 %) and octane (32.72 %) as shown in Fig. 2 . In comparison to the standard strains (P1 and P2) L9, L21 and L31 had significantly maximum hydrophobicity for n-hexadecane, followed by L9, L21, L29 and L40 for xylene, L31 for toluene and L21 and L31 for octane. The isolates L9 (60.23 %), L21 (53.45 %) and L31 (62.35 %) showed the highest hydrophobicity index (HI) in n-hexadecane in comparison to P1 (49 %) and P2 (52.10 %).
Except four isolates, all the Lactobacillus isolates produce EPS on skimmed milk-ruthedium red plates. Presence of ropy white coloured mucous producing lactobacilli are the EPS producers. None of the examined isolates exhibited α and β haemolytic activity. All of the lactobacilli (20 isolates) werehaemolytic (i.e. no haemolysis). All the tested Lactobacillus isolates were negative for BSH activity as none of them showed precipitation (granulation) zones on agar plates.
Principal component analysis (PCA)
The final step of the probiotic characterization was the selection of the most promising probiotic isolates through the Principal Component Analysis. Analysis of PCA revealed that first four principal components (PCs) explaining 27.5 % of total variation, while PC1 and PC2 accounting for 15.1 % and 12.3 % respectively in Figs. 3a and b. Figure 3a represents the homogeneous distribution of variables on the plane of principal components. Three main groups (A, B and C) could be pointed out based on the position of the variables in the factorial space of PCA (Fig. 3b) , C being the best one for the probiotic traits. Group C (L9, L21 and L31) were quite promising as they possessed the probiotic traits at their highest levels showing same properties as a probiotic strain P2 and possessed the probiotic attributes superior than P1 (Fig. 3b) . Moreover, the isolates L16, L22, L23 and L29 were also interesting, as they showed the superior trend over P1 (probiotic reference strain). Thus the isolates L9 (L. brevis PLA2), L21 (L. paracasei PLA8) and L31 (L. brevis PLA16) were selected as representative of these three promising groups. This gives an clear idea that isolate (L31, L21 and L9) has more similar or efficient probiotic activity as that of reference probiotic strains i.e. P1 and P2.
the culture supernatant and lipoproteins and polysaccharides located on the cell surfaces of Lactobacillus are involved in cell aggregation (Aslim et al. 2007) . The large differences in the cell surface hydrophobicity of Lactobacillus isolates in present study could be due to variation in the level of expression of cell surface proteins among strains of a species as well as due to environmental conditions which could affect the expression of surface proteins (Ramiah et al. 2007 ).
Lactobacillus strains often produce polymeric substances such as exopolysaccharides (EPS) which enhance the colonization of probiotic bacteria in gastrointestinal tract and helps in modifying the rheological properties and texture of products (Kanmani et al. 2013) . None of the isolates from fermented foods and beverages in the present investigation displayed bile salt hydrolase activity which was similar to the findings reported by Botes et al. (2008) and Quezada et al. (2013) . Most often, bile salt hydrolase activity has been detected in strains indigenous to the gastrointestinal tract rich in conjugated and unconjugated bile acids (Martoni et al. 2008) .
Studies of bacterial adhesion in-vivo is generally difficult, in vitro adhesive models can be used for this assessment (Tuomola and Salminen, 1998) . The colonic cell line HT-29 displays characteristics of enterocyte differentiation and has been used for in vitro adhesion assays (Quezada et al. 2013) . L. brevis PLA2 and L. paracasei PLA8 showed best ability to adhere to intestinal cells. The adhesion mechanisms are not fully understood; however bacterial cell-surface associated proteins with mucous and intestinal cell binding properties have been identified and characterized in various adhesive probiotic strains (Sanchez et al. 2008) .
Conclusion
The present study demonstrated the capacity of two Lactobacillus isolates as a promising candidate for probiotic applications. The present work provides a preliminary selection of these two potential isolates i.e. L. brevis PLA2 and L. paracasei PLA8 which could be used as probiotic, due to their high tolerance to various conditions at GIT environment in comparison to the commercial probiotic strain. In addition, they were able to adhere to human colonic cell line . This also indicates that the selected promising probiotic Lactobacillus isolates can be further commercialized for potential human health benefits. Therefore, these isolates could lead to the development of new traditional probiotic food products which may indeed convey a favourable impact in rural economy, especially the tribal and less developed regions.
